UNITED STATES DEPARTMENT OF THE INTERIOR, Oscar L. Chapman, Secretary
FISH AND WILDLIFE SERVICE, Albert M. Day, Director

APPARENT ABUNDANCE OF THE PILCHARD
(SARDINOPS CAERULEA) OFF OREGON
AND WASHINGTON, 1935-43, AS MEASURED
BY THE CATCH PER BOAT

BY JOHN C. MARR

FISHERY BULLETIN 52
From Fishery Bulletin of the Fish and Wildlife Service
VOLUME 51

UNITED STATES GOVERNMENT PRINTING OFFICE - WASHINGTON : 1950

For sale by the Superintendent of Documents, U. S. Government Printing Office
Washington 25, D. C. Price 15 cents



APPARENT ABUNDANCE OF THE PILCHARD (SARDINOPS CAERULEA) OFF
OREGON AND WASHINGTON, 1935-43, AS MEASURED BY CATCH PER BOAT
' By JOHN C. MARR, Aquatic Biologist

One of the basic problems in fishery biology is
the formulation of estimates of abundance. Boat-
catch data constitute a source upon which such es-
timates are based. In general, it may be stated
that the amount of fish taken by a fishery depends
on the quantity of fish in the sea. (abundance), the
accessibility of the fish to the fishermen (avail-
ability) and the amount of effort (boat-weeks or
similar units) expended in the fishery. Abun-
dance is determined by the amount of successful
reproduction (which may, and often does, take
place at a considerable distance in space and time
from the fishing grounds) as subsequently influ-
enced by natural and fishing mortality. Avail-
ability is probably determined by conditions on
the fishing grounds at the time the fishery is
being prosecuted. It includes the possibility of
migration of the fish to or from the fishing
grounds. The quantities of fish which may be
canght per unit-of-effort by the fishermen are thus
determined by the combined effect of varying avail-
ability and fluctuations in abundance. The term
“apparent abundance” is introduced to represent
this combined effect.

Since the start of a fishery for the pilchard or
sardine, Sardinops caervlea (Girard) 1854, in Ore-
gon and Washington, boat-catch data (date, lo-
cation, and amount of catch, name of boat, and
other information not used here) have been col-
lected by the fishery agencies of these States. If
these catch data are converted to catch per unit-of-
effort, the relative changes from season to season
will be a measure of the changes in the level of
apparent abundance or, possibly, changes in the
amount of effort expended.

The first pilchard cannery in California was in
operation before 1900 and large scale commercial
operations started in 1916. The industry in Brit-
ish Columbia also is comparatively old; the first
pilchard cannery there was in operation in 1917.
In contrast, the Oregon pilchard fishery began
only in 1935. This fishery started as a result of
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modification of laws concerned with the use of food
fishes for reduction purposes (Hoy 1938:5),
rather than a sudden change in the habits or dis-
tribution of the pilchard. Similarly, the pilchard
fishery in Washington began in 1936 as a result of
special legislation (Chapman 1936:1). In the be-
ginning, landings were made at Coos Bay, Astoria,
and Grays Harbor; however, at Coos Bay they
were discontinued after 1938.* The original boat-
catch data for the years involved are not given be-
cause of space limitations. Data on the tons
landed in each season are shown in table 1 and in
figure 2.

There are marked differences among the methods
of purse seining for pilchard in the several fish-
ing areas along the Pacific Coast of North America.
Catches in British Columbia are usually made
during the day, “with the best results usually ob-
tained at daybreak and dusk” (Hart 1933:13).
(This refers to catches made off the Canadian
coast; in some later years the Canadian fleet has
often fished off the United States coast.) The
Canadian boats fish in pairs (one seine boat and
one tender) whereas in all other regions the boats
operate singly. Catches landed at Grays Harbor
and Astoria are made during daylight hours.
Catches landed at Coos Bay were made both day
and night. Pilchard landed at California ports
are almost always caught at night and mostly in
the dark of the moon. Hart (1933: 13), with ref-
erence to the Canadian fishery, states that “Night
fishing is precluded by the damage which is done
to the nets after dark by the dogfish.” Chapman
(1936:5), speaking of the 1936 season in Washing-
ton, states that “the fishermen say that the fish
split up into small schools of § and 10 tons at night,
for which it is not practical to set. In addition,

iSince writing the above, I have been informed by D. L.
McKernan of the Oregon Fish Commission that some landings
were also made at Coos Bay in 1939. Actually, 6 boats made
17 landings. or about 3 percent of the Oregon landings and 1.7
percent of the Oregon-Washington landings for that year. Under

the methods of season and fleet definition used, these would be
reduced to 1.4 percent and 0.8 percent, respectively.”
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Ficure 1.—Chart of locations mentioned in the text.

1000°S OF TONS

S & — - 1. 1 L ]
1935 1936 1937 1938 1933 1940 1941 1942 1943
SEASON

FicURE 2.—The solid line indieates the total number of
tons of pilchard landed at Astoria and Grays Harbor
from 1935 through 1943 ; the dashed line indicates the
number of tons landed by the selected tleet during the
seasons as defined in the text.

in the northern area near Swiftsure Bank, the dog-
fish are so thick after dark that they greatly
hinder fishing.” California fishermen are not
troubled by this shark.,

The California fishery operates at night, appar-
ently because of the presence in the water of large
numbers of luminescent planktonic organisms.

The mechanical stimulation of these organisms by
the pilchard results in a milky glow which makes
the schools easier to locate by night than by day
(N. B. Scofield 1928:250; W. L. Scofield 1926: 16)
and also probably renders the gear more effective.
Luminescent organisms are also present in the more
northerly waters, although possibly not in such
vast numbers (Sverdrup, Johnson, and Fleming
1942:833). The presence or absence of large
numbers of dogfish may determine whether pil-
chard are fished for in the day time or at night.
However, it seems probable that there is a funda-
mental difference in the behavior of the pilchard
on the different fishing grounds. In the south
there may be a tendency for the fish to concentrate
in schools at or near the surface, at night and to
disperse horizontally or vertically during the day-
time, or to descend without dispersing during the
daytime. The reverse may occur in the more
northern waters. If this situation actually ob-
tains, Coos Bay may lie in a transition area. Ob-
servations in the several regions would be of great
value and comparative studies of the northern
and southern regions might well be a profitable
method of obtaining information as to some of the
factors that control the availability of the fish to
the fishermen.

The data in this study have been made available
through the courtesy of the Oregon Fish Com-
mission and the Washington Department of Fish-
eries. V. E. Brock has completed a study of the
first 4 years of this fishery and, although this
analysis takes a different form than his, he gen-
erously made his work available. M., B. Schaefer,
O. E. Sette, R. P. Silliman, and L. A. Walford
ha've given freely of their time and advice.

CATCH PER STANDARD BOAT-WEEK

Catch per unit-of-effort might be most simply
measured by the average number of tons of fish
caught per boat per week. The use of such a
measure would assume that the amount of effort
expended per week were the same for all boats
and for every year. This assumption is not valid,
due to changes in sizes of boats in the fleet and
related changes in nets that occur over a period
of years. Further complications arise in the sys-
tematic treatment of the present data as a result
of the irregular nature of the seasons each year.
These are not fixed by law but are determined by
the movements of the fish, by the weather, by the
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success of the California fishery, and probably
other factors such as the economic problems re-
sulting from processing pilchard early in the sum-
mer when the fat content usually is low.

In order to facilitate the treatment of the data
certain rules had to be made. ‘These are
as follows:

1. Data for Coos Bay are omitted from this
study, since no landings were made there after
1939 2 and because catches landed there were made
both day and night. A single landing during a
season at Coos Bay by a boat making all of its
other landings at Grays Harbor or Astoria was
treated as though it had heen made at the cus-
tomary port. However, boats making two or more
landings at Coos Bay during a season were
eliminated.

2. Boats fishing out of Grays Harbor and As-
toria fished in essentially the same areas and, in
fact, often made landings at both ports. The
percentage of boats making landings at both ports
during a season ranged from 11 to 90 percent over
the nine seasons covered. Therefore, in treating
the data, boats from the two ports were considered
to belong to one fleet.

2 See footnote 1. p. 385.
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3. In order to minimize error or possible bias
due to the catches of boats which were in the fishery
for a short period not necessarily representative
of the season as a whole, all boats which landed
fish in less than one-half the number of weeks in
a season were omitted.

4, Scattered landings, which characteristically
preceded and followed the period of a few weeks
when the bulk of the catch was made each year,
were discarded. This had the effect of keeping in
the data many boats that would have been dis-
carded under rule 3. To eliminate these scattered
landings required a certain amount of arbitrary
judgment, but it was done in a manner aimed at
maximizing both length of season and number of
boats. In no year did the landings preceding or
following the season thus defined, as the period
containing the bulk of the landings, amount to
more than 8.1 percent of the total landings.

5. Within the limits of these seasons there is no
way of telling whether or not a boat was fishing
during periods in which it made no landings.
Therefore, if a boat made no landings during a
particular week, it was assumed to be fishing pro-
vided that () it made landings in the weeks im-
mediately preceding and following that week, and

TapLe L—Information on the Oregon-Washington pilchard fishery, 1985 through 193

Landings omitted
Total
Number Num- | r,
Season Dates fr ﬂ{ st and last Dates of season of weeks nur&ber Number | Percent- | ber I\l;g:er Number | oo
Andines In season | 1oy dings | outside | 28200t | Bt | ihan gne| WD DO | pypy | Total
of season 1| Sideof | Coos half length ber |bercent
scason | Bay? | .ooons | datat
June 23 to Nov. 30 July 7 to Sept. 14 10 139 9 8.5 6 23 0 38 27.3
July 15 to Sept. 30. July 19 to Aug. 29 6 247 17 6.9 2 16 4 39 15.8
July 9 to Oct. 13_. July 18 to Sept. 2 10 455 37 8.1 0 55 ] 92 20.2
July 20 to Sept. 19. July 31 to Sept. 1 - [+ 607 14 2.3 16 11 0 41 6.8
July 7 to Aug. 17.____. July 9to Aug. 19_____. 6 626 6 Lo 0 18 18 42 6.7
Aug. 5 te Sept. 21 Aug.4to Aug. 17____. 2 63 3 4.8 0 0 4 7 11.1
June 21 to Sept. 3..___| July 6 to Aug. 30___... 8 610 32 52 0 18 0 50 8.2
-] Junec 30to Aug. 7...... June 28 to Aug. &_..... 6 57 [ 0 12 0 13 2.3
July 8§ to Aug. 16.____. July 11 to Aug. 21__._. 6 170 2 1.2 (i} 23 41 66 38.8
Percentage of
Total tons : Number of | Average
landedat | 1ol tons hstorig and Ntl;mbe; o “hontsin | leng Number of
Season Astoria and é%gg%]aat, 'r?asxf(%irsbor ggﬁ:rm selected | selected |boat weeks
Grays Harbor y omitten snery Deet flect
el @l om0 B 4 B8 8
é 3 7. , & 113
3. 106 759 25.7 2 16 72 135
43,155 554 4.4 62 &§7 73 288
40, 109 5.0 . 64 56 73 278
& 800 119 33 73 38
32,054 5.7 30 26 4 187
2,446 2.7 17 6 76 29
12, 45 40.0 19 8 75 34

1 Landings that were made outside the limits of the season as defined in the
text were eliminated.

¢ Boats that made 2 or more landings at Coos Bay during a season were
eliminated; see also footnote 1, p. 385,

3 Boats that were in the fishery less than 14 of a season were eliminated.

4 Boats for which no information on length could be obtained had to be
eliminated.

5 See footnote 1 on p. 385,



388

NUMBER OF LANDINGS -

€0

40

20

40

20

100
a0
60
40

20

190
120
100
a0
60
40

20

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

1943

L1t .1

1942

1

Ty rrrynrey

LR LI

1941

L 1 1 11 5 11}

1940

| I |

E Y T S T T T O T T Y T T ]

1939

§ I N Y N TN O TN VO TN SN TN S O U N N N A B |

1N AL IR DL L LN I N DR D I )

1938

1.1 1 1 1. ¢ 1 ¢ 0 B o) (] 1.4

T 1 8 T 11

L L B IR R ]

0
20253

JUNE

1o

15 22570 ?

JuLy

14" 24
AVG.

29

3

8
8 13 %23®%3
SEPT,

6 s 18
CT.

[

| I

172227
NOV,

() one-third or more of the boats making land-
ings during the week in question made only one
landing (after Silliman and Clark 1945 : 54).

The effects of the applications of the preceding
rules are shown in figure 3 and table 1.

A fter defining the seasons and the fleet involved
in the fishery each season by the above rules, it is
necessary to standardize the data so that the effort
units are the same from year to year. The use of
the device known as linkage (where the perform-
ance of a fleet in year A is compared with the per-
formance of the identical fleet in year B, and the
performance of a different fleet in year B is com-
pared with the performance of that identical fleet
in year €, and so on) would be inadvisable, since
the composition of the fleet varied widely between
adjacent years and the use of such a technique
would result in the loss of an inordinate amount of
data.

If there is a relationship between catch per unit-
of-effort and boat size (or some other attribute), it
is possible to compare the performance of boats
of a given size rather than the performance of
identical boats. ‘This will average out the fluctua-
tions in individual boat success due to the fisher-
men’s skill, just as the linkage method will, and
between-season comparisons will involve similar
effort units.

Theoretically, it might be expected that there is
a relationship of catch per unit-of-effort and hoat
length (as a measure of boat size). Data on boat
length are available (U. S. Department of Com-
merce, 1935—42). For each season separately, the
tons landed by each boat in each week were plotted
against boat length (by 2-foot boat-length inter-
vals) and a straight line fitted to the points by
the method of least squares. The only assump-
tion made is that the two variables are related in
an approximately linear manner over the ranges
of boat sizes and catch sizes occurring in these
years. In all years except 1940, 1942, and 1943,
the correlation is highly significant (£<0.01).
For the three seasons mentioned, the correlations

Ficure 3.—Frequency distributions of the numbers of
landings per week in each year. The batched areas
indicate landings omitted bhecause they were outside
the season as defined in the text, and the shaded areas
indicate landings omitted for other reasons,
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are of doubtful, or no significance (P=@0.10).
These latter values are probably due to the smal-
ler number of boats in the fishery, the shortness of
the season in these 3 years, or both (i. e., the small
number of boat-weeks). Even though the slopes
of these three regression lines do not vary signifi-
cantly from zero, the levels of apparent abundance
may still be accurately reflected by the levels of
the lines.

By analysis of covariance it is possible to deter-
mine whether these nine regression lines differ
significantly from the regression line of the pooled
data for the nine seasons. They do, in fact, dif-
fer significantly.

Item Sums of squares df 14
Common .. ___.____________ 14,550,388 1,143 _____
Separate lines (within).____ 12,404,161 1,127 11,006

Difference (between)______ 2, 146, 227 16 134,139

The variance about the separate lines is signifi-
cantly less than the variance between the separate
lines; Z=1.25, P is considerably less than 0.01
(Tippett 1941: pp. 181-188). This shows that
the regressions differ in slope, level, or both. The
levels and slopes may be expected to vary simul-
taneously for two reasons. First, the smaller
boats would tend to reach their capacity at rela-
tively low levels of apparent abundance and any
further rise in level of apparent abundance would
not be reflected in their catch per unit-of-effort.
Larger boats, however, would continue to respond
through a higher range of levels of apparent abun-
dance. Second, there is probably a minimum boat
size below which, for economic and mechanical
reasons, pilchard would not be caught. This is
borne out by the fact that the T-intercepts of the
regression lines (using noncoded values of X) are
all negative. From both of these reasons it is to
be expected that the left end of the regression line
would tend to be relatively fixed, while the right
end would be free to move up and down in re-
sponse to changes in level of apparent abundance.
As a consequence, those lines at the highest level
would also have the greatest slope and those lines
at the lowest level would also have the least slope.
Examination of figure 4 and table 2 will show that
this is true for the present data.

Tt is thus seen that the slopes and levels of the
regression lines are significantly different among
the nine seasons. These differences may be in-
terpreted as expressions of differences in levels of
apparent abundance in the different seasons.
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TABLE 2-—Dala on the regression of catch per week on
boat length in the Oregon-Washington pilchard fishery,
193543

Tons per hoat-week

Boat | Boat | Boat
Y=a+bX! size, i

Season size, size,
G8'~69" 2 | 7213’ 3|78"-7¢ 4

ré P

166 203 258 | 0.41 <
99 109 128 [ .27 <
165 139 24 .25 < .01
119 141 178 | .25 <

%

114 133 162 .18 < .01
77 89 106 .%7 @ .10
138 160 196 .26 < .01
39 53 73| .26> .10

174 203 248 .19 > .10

1 Equation of the regression line of tons eaught per week on boat length
(by 2-foot hoat length intervals), where ¥'=tons c.-m%ht per week, g=Y'—
intercept of regression line, b=regression ¢oefficient of ¥” on X, and X=boat
length. Boat lengths were coded as follows: boat length class 44'-45 =1,
46"-47'=2, , . . , 8Y-80'=23

2 Value obtal:n'ed by subsii_tuting X=13 in the preceding equation,
Lot Wos relered b o5 § AR A Fody 1o fhe texg, | CLUatioR. This

:\Clg‘lalllﬁc?el)g?ior}og,gzl:gggfituting X=18 in the preceding equation.

A catch per standard boat-week datum may be
determined, for each season, from the equation of
the fitted line. It should be noted that calculat-
ing the catch per week for any particular size
boat makes use of all the data going into the regres-
sions. The numerical expression of catch per
standard boat-week will depend, of course, upon
the size chosen as a standard boat. For purposes
of comparison with indices of abundance from
other regions, the selection of a medium size is
indicated, since such indices have usually been
based upon the performance of a fleet of boats
rather than on any standard size. (See, for ex-
ample, Silliman and Clark’s 1945 study of catch
per unit-of-effort in California.) The modal
boat-length class (72’-73") was therefore selected
as representing a standard boat. For each sea-
son the average tons per week for a standard boat
were calculated from the equation of the fitted
line. These values ave given in table 2 and shown
by the solid line in figure 5. They tend to vary
around an average of slightly more than 140 tons
per standard boat-week. The fluctuations around
this level are rather wide and there is no significant
trend during the period covered (£>0.10).

Selection of a different size boat will affect the
numerical values obtained for the catch per boat-
week. To illustrate this, there are given in figure
5 curves showing the catch per boat-week for the
smallest boat size present in all seasons, 68'-69”
(broken line), and for the largest boat size pres-
ent in all seasons, 78’~79” (dashed line). The lev-
els are somewhat different, but the relative changes
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Fioure 5.—Tons of pilehards caunght per boat-week in the Oregon-Washington fishery. The broken line is based on
boat-size 68’69’ ; the solid line on hoat-size 72’-78’; and the dashed line on hoat-size 78-79".

are similar in all three curves. However, in con-
trast to the curve representing the standard boat,
the curve representing the smaller boat minimizes
the fluctuations, while the curve repregsenting the
larger boat accentuates them. Since boats of
larger sizes are freer to vespond to changes in level
of apparent abundance, the dashed line in figure
5 more accurately reflects these changes than do
the other two lines, although in the present in-
stance the differences are not great. The values
plotted in these lines are given in table 2.

As mentioned previously, changes in the mag-
nitude of catch per unit-of-effort indices may be
brought about by changes in the amount of effort
expended, as well as by changes in apparent abun-
dance. The former will not occur, presumably,
when the intensity of the fishery is low relative to
the size of the stock of fish. Records have not been
kept on the number of effort units in the Oregon-
Washington pilchard fishery from season to sea-
son. However, an estimate of the number of
effort units in a particular season may be obtained
by dividing the total catch by the catch per unit-
of-effort. Comparison of the number of effort
units with the catch per unit-of-effort in each sea-
son shows that, over the nine seasons covered, there
is no significant correlation (r=0.11),

In brief, use is made of a linear relationship
between average tons caught per week and boat
length to obtain a catch per standard boat-week
datum for each season. These data are interpreted
as reflecting levels of apparent abundance; they
apparently do not reflect changes in intensity. It

is the variation in these levels from season to sea-
son which is of interest. No trend is apparent
over the nine seasons covered; the values tend to
vary around an average of slightly more than 140
tons per standard boat-week. Catch per boat-week
data for larger boats more accurately reflect
changes in level of apparent abundance than do
data based on smaller boats.

AVAILABILITY

As indicated, these data are affected by the
availability of the fish to the fishermen as well as
by the actual abundance of the fish. It is known,
on the basis of circumstantial evidence from size-
composition of the catch and other information
(summary of references in Clark 1985) and direct
evidence from tagging (Clark and Janssen 1945:
41), that there is an exchange, in both directions,
of fish between the northern and southern fishing
grounds. A spawning area of this species is
known to lie off southern California south of Pt.
Conception (E. C. Scofield 1934 ; Ahlstrom 1948).
More northern waters have not been adequately
surveyed and their importance as spawning areas
is unknown. It is known that important spawn-
ing took place in them in 1939 (Walford and
Mosher 1941; Hart 1943). If information were
available that would permit the removal of the
effects of varying availability from measures of
abundance in the Oregon-Washington fishery and
in the California fishery, it would be possible to
examine the relationship of abundance in Oregon-
Washington with abundance in California.
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the text) at North Head, Wash.

In this connection, figures 6 and 7 are of interest.
In figure 6 there are shown for each year, 195543,
the average monthly air temperatures in ° F. at
North Head, Wash. (U. S. Weather Bureau,
1935-48). (Air temperatures at a land station
are used in place of appropriate water tempera-
tures, as the latter are not available.) The verti-
cal lines indicate the dates of the first and last
landings each year and the solid bars indicate the
duration of the season as limited in this study.
The period of the fishery in each year seems to be
associated with the period of highest temperatures.
To examine this seeming relationship more criti-
cally, the regression of the time of the pilchard
season each year on the time of the highest weekly
average of daily air temperatures in ° F., at North
Head, was determined. The time of the season
was expressed in terms of the number of days after
June 30 on which the mid-date of the season fell,
The time of the period of highest temperatures
was expressed in terms of the number of days after

June 30 on which the mid-date of the week having
the highest average daily temperature fell. The
coeficient of correlation was found to be 0.58;
P=0.10. By commonly accepted standards, a
probability value in this range neither substan-
tiates nor invalidates the hypothesis that there is
a correlation between the time of highest tempera-
tures and the time of the fishery. This is espe-
cially true when the crudity of the methods em-
ployed is taken into consideration. Judgment
must therefore be reserved for the present.

In figure 7 are shown the tons per standard
boat-week plotted against the average daily air
temperatures during the season at North Head,
Wash. The line was fitted by the method of least
squares. For this regression, the correlation is
negative (#=—0.80) and highly significant
(P=0.01). TIf the tons per boat-week data for
the larger boats are used, the coefficient of corre-
lation has the same value; the slope of the fitted
line ig increased. If the regression of tons per
standard boat-week on average daily air tempera-
tures during the months of July and August is
considered, the coefficient of correlation is found
to be —0.75 (P=0.02). The best catches per
standard boat-week tended to be made in the sea-
sons of lowest average daily temperatures and,
conversely, the lowest catches per standard boat-
week tended to be made in the seasons of highest
average daily temperatures. In other words, it
has been demonstrated that the return per unit-of-
effort expended in the Oregon-Washington pil-
chard fishery, 1935-43, has been considerably
influenced by an environmental condition or con-
ditions. Of course, the effects of water tempera-
ture (as reflected by air temperature) on the
habits and life history of the pilchard are un-
Eknown. These effects might be direct or they
might be the result of the effects of some unknown
factor upon both water temperature and the fish.
Conceivably, the effect could be on the habits of
the fishermen rather than upon the habits of the
fish. The subject is introduced here to emphasize
the need for studies of the biology of this species.

SUMMARY

1. Boat-catch data covering the years 193543
in the Oregon-Washington pilchard fishery are
used. The relationship between boat length and
tons caught per week is used to obtain catch per
standard boat-week data.
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2. The catches per standard boat-week showed
no significant trend over the nine seasons and
varied around an average of slightly more than
140 tons per boat-week.

3. Itispointed out that catch per standard boat-
week is a measure of apparent abundance. On the
basis of present knowledge, it is impossible to sep-
arate the effects of availability from abundance
and only the combined effects of the two, or ap-
parent abundance, can be measured.

4. Two ways in which the Oregon-Washington
pilchard fishery might be affected by temperature
are pointed out.
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